Nine different food cans, packed with water, were heat-treated for 30 min at 80 or 100°C in order to elucidate the trends associated with the leaching of bisphenol A (BPA) from internal coatings. Low levels of BPA were detected in water from all unheated cans, rising to 0.06 to 32 ng/cm 2 after heating at 100°C. Reducing the heat-treatment temperature to 80°C was found to reduce the BPA concentration in the contained water by up to two-thirds. The cans that recorded the highest BPA concentrations in water after heating were found to have components (lid, bottom or body) with high available BPA contents.
INTRODUCTION
Bisphenol A, 2,2-bis(4-hydroxyphenyl)-propane or BPA, has been extensively used to date as a raw material for epoxy resin and polycarbonate plastic, and is produced in large quantities all over the world. Non-negligible levels of BPA, a suspected hormonedisrupting chemical, [1] [2] [3] [4] [5] [6] [7] [8] have been detected in waterways and seawater around the world [9] [10] [11] [12] and may pose a concern to ecosystems and humans.
BPA is widely used as a major component of the epoxy resin used to line food cans, and is stable in acid and at high temperature, important for the longterm storage of food. However, there is a possibility that trace amounts of non-polymerized BPA may leach from the lining into the food packaged in the can. BPA is also added as a stabilizer or antioxidant for inner coatings other than epoxy resin.
In general, canned foods are shipped after sterilization by heating. It is thought that this heating may promoted the migration of BPA from the lining into the food, and that the type of food packaged in the can may affect the amount of BPA leached.
Many researchers have reported BPA in canned food. [13] [14] [15] [16] [17] However, the amounts reported were highly variable due to the different situations and other factors. The purpose of this work is to investigate the relationship between the amount of BPA leached and the BPA content of the can lining, the heating temperature, and the lining material. For this purpose, nine different cans package with water were prepared. The BPA concentrations in the water were measured after heat treatment under constant conditions. It was expected that this analysis could clarify the relationship between the migration of BPA from can linings and heating temperatures without the influence of the can's contents.
MATERIALS AND METHODS
Preparation of Cans ---Nine different cans and lids, each of different size, shape and material, were prepared for the experiment. All cans were filled with bottled spring water and sealed with a seamer. The cans were then heated for 30 min in an oil bath (10 l) maintained at either 80°C or 100°C using an immersion heater and a mixing rod, and then quenched in cool water. The cans were heated for sterilization before shipping as can foods. For example, the actual temperatures and times for sterilization of some of the cans were at 95°C for 10 min, at 88°C for 25 min, at 83°C for 7 min, and at 80°C for 20 min. BPA Analysis ---Unheated and heated samples were opened and the 180-ml water samples were taken, from more than one can if necessary, for analysis. To these samples, 1 µg of BPA-d 16 (Kanto Chemical Co., INC., Tokyo, Japan) was added as an internal standard. The samples were passed through a solid-phase extraction cartridge (Sep-Pak plus PS-2, Waters Ltd., U.S.A.), which was cleaned with solvents in advanced, at a rate of 5 ml/min using an automatic pump (Concentrator, Waters Co., U.S.A.). After extraction, the cartridge was centrifuged to remove water remaining therein. BPA and BPA-d 16 in the cartridge were eluted with 9 ml of dichloromethane at 1 ml/min. At the same time, a *To whom correspondence should be addressed: Faculty of Environmental Studies, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan. Tel.: +81-95-843-1811; Fax: +81-95-843-6377; E-mail: takao@net.nagasaki-u.ac.jp trace amount of water was dehydrated with the other cartridge, which was filled with anhydrous sodium sulfate (Sep-Pak Dry, Waters Co.), mounted on the rear. The eluate was evaporated down to approximately 0.5 ml under high-purity nitrogen gas flow, and 200 µl of N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA; SUPELCO, Inc., Bellefonte, Pennsylvania, U.S.A.) was added to the eluate for the silylation 18, 19) of BPA and BPA-d 16 . The resultant sample was sealed and left to stand at room temperature for 1 hr to allow the reaction to proceed.
An ion-trap mass detector and gas chromatogram (GC3800/Saturn200, Varian Inc., U.S.A.) with a capillary column of cross-linked 5%-phenylmethylsiloxane (DB-5, J&W Scientific Inc., U.S.A.) was used for BPA analysis. Separation was performed in splitless mode under the following conditions: injector pressure 10.0 psi, linear velocity 38 cm/sec, split ratio 10, split vent opening time 1 min after injection, injection port temperature 280°C. The oven temperature program was as follows: initial temperature 50°C, hold for 1 min, increase at 10°C/min to 280°C, hold for 7 min. Mass spectra were measured in full scan mode.
The total peak area of the m/z = 357 and 358 peaks was used for quantification of trimethylsilylated BPA (BPA-TMS), and the 368 and 369 peaks were used for quantification of BPA-d 16 -TMS. The amount of BPA in the water was calculated from the ratio between these 2 values. The detectable limit in this work was estimated to be about 0.05 ppb (0.05 µg/l) based on a linear calibration line and blank tests. Table 1 lists the volumes, structures and inner coating materials of the cans prepared in this work. All the cans were fabricated for packaging fruit or juice, and only 2 cans (E and C) were composed of the same material for the body lid and bottom. Can I (seamless) is the only can that did not have an epoxy coating. Figure 1 shows the BPA concentrations in water from the unheated and heated cans. It was found that all samples contained BPA even before heating irrespective of the type of can. The BPA concentration then increased upon heating in all cases. Measurements were carried out with due consideration for All of the cans were filled with bottled spring water and sealed. The cans were heated for 30 min at either 80°C or 100°C, and then quenched in cool water. The concentrations of bisphenol A leached from internal coatings were analyzed by GC/MS. contamination control because the BPA level was relatively low. The present measurement technique was confirmed to be sufficiently sensitive to detect these low levels of BPA.
RESULTS AND DISCUSSION
The BPA concentrations in the cans heated to 80°C were 1.6 to 16.7 times higher (average 6.0 times) than that for unheated cans, and the cans heated at 100°C exhibited BPA concentrations of 1.7 to 55.4 times (average 18.2 times) the unheated concentration. The BPA concentration in the cans heated to 100°C was up to 6.1 times (average 3.0 times) higher than that for 80°C, indicating that it is desirable from the point of view of minimizing BPA leaching to reduce the temperature of sterilization as much as possible considering other safety factors. Based on the present results, reducing the sterilization temperature from 100°C to 80°C could reduce the BPA concentration by as much as two-thirds.
The BPA concentrations obtained were widely variable, and no correlation was seen between the type of can or lining material in this study. Even for cans with apparently identical linings (A and H), the results were quite different. This suggests that BPA migration may depend on the state of BPA in the polymer, such as the degree of polymerization of the resin or whether the BPA was used as a primary material or an additive. Figure 2 shows the amounts of BPA extracted with acetone from square pieces. There is no clear relationship with the results shown in Fig. 1 , however it can be seen that the cans producing higher BPA concentrations have components with high leachable BPA content. Most notably, the bottom and lid of can A, lined with the same phenolic epoxy, exhibited the highest available BPA content, whereas the body contained very little BPA. In this case, the BPA in the water leached from the lid and bottom, not the body. In the case of can C, all components were of the same composition, epoxy and vinyl, and the BPA content was the same for all components. However, although the bottom and lid of can B were the same, the BPA contents differed. As expected for can I, which produced the lowest BPA concentration in the packaged water, very little BPA was dissolved from any of the components. These results suggested that it was difficult to predict a leaching amount of BPA from the coating composition. It was therefore considered that leaching test was needed for examination of leaching BPA. Square pieces (about 1 × 1 cm) were cut from all 3 parts of some of the cans, and the outer label was peeled off. The amounts of bisphenol A, which were extracted with acetone from these pieces over 20 hr, were analyzed by GC/MS.
